Introduction {#S0001}
============

Bone scintigraphy with ^99m^Tc-MDP is the most commonly performed nuclear medicine procedure to assess primary bone tumors, skeletal metastases, infections and sites of skeletal trauma. MDP localizes to bone by ion exchange and chemisorption to the surface of hydroxyapatite crystals. Sometimes, certain abnormal processes involving extraosseous organs or soft tissue tumors can also cause the accumulation of MDP on bone scintigraphy. There have been many case reports about this abnormality.[@CIT0001],[@CIT0002] Cases of pediatric extraosseous soft tissue tumors that accumulated MDP, such as neuroblastoma, osteosarcoma and rhabdomyosarcoma, were reported,[@CIT0003],[@CIT0004] but a large-scale summary, especially a recent summary, has not been reported for blastomas other than neuroblastoma. Many pediatric tumors were found to have MDP uptake on bone scans in our clinical practice. We hypothesized that there may be differences in MDP uptake in extraosseous soft tissue tumors between children and adults, which may also be correlated with tumor characteristics and differentiation. Currently, no studies have addressed these questions. Therefore, we retrospectively collected data from pediatric and adult patients with MDP uptake in neoplasms from three nuclear medicine centers to investigate the correlation of MDP uptake characteristics in extraosseous soft tissue tumors with tumor differentiation.

Patients and Methods {#S0002}
====================

Research Object {#S0002-S2001}
---------------

Inclusion criteria: ① patients with extraosseous soft tissue tumors that accumulated MDP on their pre-treatment scans; ② extraosseous soft tissue tumors were confirmed by SPECT/CT, other correlative imaging examinations and laboratory tests, such as CT, MRI, ultrasound, and blood calcium; ③ all tumors had histopathological diagnoses; and ④ pediatric tumors often occur in children younger than 15 years of age; therefore, according to Doll's revised International Standard Population, individuals aged 14 years and younger were defined as children.[@CIT0005] In our study, patients 14 years and younger were placed in the pediatric group, and patients older than 14 years were placed in the adult group.

Exclusion criteria: ① normal distribution of radioactivity in the urinary system or abnormal distribution due to urinary tract obstruction, such as stones; ② symmetrical distribution of radioactivity in the breast or diffuse distribution of radioactivity in the contralateral breast after breast surgery; ③ thyroid radioactivity caused by technical problems such as drug labeling; ④ background signal caused by technical problems; ⑤ lymph node radioactivity due to the leakage of the injection agent; and ⑥MDP uptake in extraosseous benign soft tissue tumors caused by fracture, infection, etc.

Radiotracer, Quality Control and Instruments {#S0002-S2002}
--------------------------------------------

^99m^Tc-MDP injections were supplied by Shanghai Atomics Kexing Pharmaceutical Co. Ltd. (radiochemical purity \>95%). All acquisitions were performed with a GE Infinia Hawkeye (WI USA), a Philips Precedence 16 SPECT/CT (Philips, Netherlands) equipped with low energy, high resolution collimators (10% window width, peak energy 140 keV, and 256×1024 matrix). The imaging processing systems were from GE Medical Systems, Milwaukee, WI.

Scanning Methods {#S0002-S2003}
----------------

The patients underwent whole-body bone scans 2\~3 h after the intravenous administration of MDP (adult 370\~740 MBq, children 7.4 MBq/kg). Children who could not cooperate were given 10% chloral hydrate orally (0.5 mL/kg). Standard whole-body anterior and posterior sweep images were acquired with a scan speed of 10\~20 cm/min. If necessary, lateral projection or SPECT/CT tomography fusion imaging was performed to clearly show the anatomical location of extraosseous soft tissue. When urine contamination was suspected, a local scan was performed after cleaning or removing the contaminated clothing.

Image Evaluation {#S0002-S2004}
----------------

Visual analysis was performed by two nuclear medicine physicians based on the highest degree of radioactivity accumulation in extraosseous soft tissue tumors. The standard rules were as follows. The radioactivity distribution of the lesion area was defined as "+" when it was higher than the normal lower limb soft tissue and lower than the normal rib; when the radioactivity of the lesion was equal to or higher than the normal rib but lower than the normal sternum or spine, it was defined was "++"; when the lesion radioactivity was equal to or higher than the normal sternum or spine, it was defined as "+++".

Tumor Classification and Statistical Analysis {#S0002-S2005}
---------------------------------------------

All pathological results were classified by the 9th edition of Pathology,[@CIT0006] which was published by People's Medical Publishing House, and the 4th edition of the WHO Classification of Tumors.[@CIT0007] Because some pathological types were rare, we grouped all cases according to the general classification of tumors. IBM SPSS 24.0 software was used for statistical analysis. Enumeration data are presented as a comparison of two or more sets of ranked data and Chi-Pearson tests. *P*˂0.05 was considered statistically significant.

Results {#S0003}
=======

Basic Characteristics of Pediatric and Adult Patients with MDP Uptake in Extraosseous Soft Tissue Tumors {#S0003-S2001}
--------------------------------------------------------------------------------------------------------

Among the patients who underwent bone scintigraphy from 2008 to 2018 at three centers, which included 1,025 children and 9,167 adults, 64 consecutive patients were enrolled in this study, including 33 patients in the pediatric group and 31 patients in the adult group. The serum calcium of all patients, which was measured within one week before or after the bone scan, was in the normal range. Among the 33 pediatric patients, the ages ranged from 3 months to 10 years, with a median age of 3 years, and there were 21 males and 12 females. The preliminary imaging results of the pediatric group are shown in [Table 1](#T0001){ref-type="table"} ([Figures 1](#F0001){ref-type="fig"}--[3](#F0003){ref-type="fig"}). Combined with other related examinations, including CT, MRI, ultrasound and pathological reports, which were obtained within 2 months before or after the bone scan, except for a right cervical malignant extrarenal rhabdoid tumor and vascular tumor in left thigh, the summary of the main imaging features is shown in [Table 2](#T0002){ref-type="table"}. Twenty-eight patients (28/33, 84.8%) showed varying degrees of necrosis and/or calcification in the lesions. Three patients had pulmonary metastases from osteosarcoma containing the osteoid matrix.Table 1Characteristics of MDP Uptake in Pediatric Soft Tissue Tumors (N=33)General ClassificationPathological Typen (%)DMU**\*** (n)+ ++ +++BlastomaNeuroblastoma15 (45.5)258Wilms' tumor6(18.2)222Hepatoblastoma4(12.1)022Pancreatoblastoma1(3.0)100Mesenchymal TumorPulmonary metastases from osteosarcoma3(9.1)012Malignant extrarenal rhabdoid tumor1(3.0)010Left thigh vascular tumor1(3.0)100Germ Cell TumorGerm cell tumor2(6.1)002Total3361116[^2] Table 2Main Imaging Features of Pediatric and Adult Soft Tissue TumorsImaging FeaturesPediatric Group (n, %)Adult Group (n, %)TotalNecrosis & Calcification14 (42.4)3 (9.7)17Necrosis3 (9.1)12 (38.7)15Calcification11 (33.3)7 (22.6)18Osteoid matrix3 (9.1)03None of the above2 (6.1)9 (29.0)11Total333164[^3] Figure 1Uptake in a Wilms' tumor. (**A**) A pediatric whole-body scan in the anterior position revealed slight MDP uptake in the right upper abdomen (arrow). (**B**) Abdominal CT showed a large soft tissue tumor with little necrosis and without obvious calcification in the right abdomen. (**C**) The pathological result was a Wilms' tumor.Figure 2Uptake in hepatoblastoma. (**A**) A pediatric bone scan in the anterior position revealed intense MDP uptake in the right abdomen (arrow). (**B**) The corresponding CT showed a tumor with an eggshell-like calcification. (**C**) The pathological result was hepatoblastoma.Figure 3Uptake in neuroblastoma. (**A**) A pediatric bone scan in the posterior position revealed intense MDP uptake in the right upper abdomen (arrow). (**B**) Abdominal CT showed a large soft tissue tumor with a plaque-like, cloudy calcification (arrowhead) in the right retroperitoneum. (**C**) The pathological result was poorly differentiated neuroblastoma.

Among the 31 adult patients, the ages ranged 40 to 80 years, with a median age of 59.3 years, and there were 19 males and 12 females. The general imaging results are summarized in [Table 3](#T0003){ref-type="table"}. Among 31 patients, there were 11 cases of primary lung cancer, including 6 cases of poorly differentiated adenocarcinoma, 4 cases of moderately differentiated squamous cell carcinoma, and 1 case of small-cell lung cancer. There were 9 cases of liver metastases, which were derived from moderately differentiated adenocarcinoma in the sigmoid colon and rectum (2 cases each), moderately differentiated stomach adenocarcinoma, moderately differentiated squamous cell carcinoma in the gastric cardia, moderately differentiated esophageal squamous cell carcinoma, invasive lobular breast carcinoma and invasive ductal breast carcinoma (one case each). There were 3 cases of cervical lymph node metastasis from moderately differentiated esophageal squamous cell carcinoma, moderately differentiated ovarian serous papillary cystadenocarcinoma and poorly differentiated adenocarcinoma of the parotid gland. There were 2 cases of adrenal metastases from poorly differentiated adenocarcinoma of the lung and invasive lobular carcinoma of the breast. In addition, there was moderately differentiated intrahepatic cholangiocarcinoma (ICC), brain metastasis from poorly differentiated lung adenocarcinoma, chest wall metastasis from moderately differentiated renal clear cell carcinoma, abdominal metastasis from moderately differentiated ovarian serous papillary cystadenocarcinoma, thyroid follicular adenocarcinoma, and left thigh malignant fibrous histiocytoma (one case each). The main imaging features are also shown in [Table 2](#T0002){ref-type="table"}. Necrosis and/or calcification was found in 22 cases (22/33, 71.0%).Table 3Characteristics of MDP Uptake in Adult Soft Tissue Tumors (N=31)General ClassificationPathological Typen (%)DMU\* (n)+ ++ +++Epithelial Malignant TumorPrimary lung cancer11(35.5)371Liver metastasis9(29.0)270Cervical lymph node metastasis3(9.7)120Adrenal metastasis2(6.5)020ICC1(3.2)100Brain metastasis of lung cancer1(3.2)010Chest wall metastasis of renal cancer1(3.2)010Abdominal metastasis of ovarian cancer1(3.2)010Thyroid cancer1(3.2)001Mesenchymal MalignancyMalignant fibrous histiocytoma1(3.2)010Total317222[^4]

Comparison of MDP Uptake in Extraosseous Soft Tissue Tumors {#S0003-S2002}
-----------------------------------------------------------

### Pediatric Extraosseous Soft Tissue Tumors {#S0003-S2002-S3001}

Based on the 4th edition of the WHO Classification of Tumors, 33 children were generally classified as having blastoma that originated from naive cells (such as neuroblastoma, hepatoblastoma, Wilms' tumor and pancreatoblastoma), mesenchymal tissue tumors (such as pulmonary metastases from osteosarcoma), a malignant extrarenal rhabdoid tumor and a vascular tumor, and germ cell tumors. The degree of MDP uptake in the different pathological types of soft tissue tumors in the pediatric group is shown in [Table 4](#T0004){ref-type="table"}.Table 4The Degree of MDP Uptake in Pediatric Soft Tissue TumorsRankBlastoma (%)Mesenchymal Tissue Tumors (%)Germ Cell Tumor (%)Total (%)+5 (83.3)1 (16.7)06 (100)++9 (81.8)2 (18.2)011 (100)+++12 (75.0)2 (12.5)2 (12.5)16 (100)Total265233[^5]

### Adult Extraosseous Soft Tissue Tumors {#S0003-S2002-S3002}

According to the 9^th^ edition of Pathology published by People's Medical Publishing House, malignant tumors are usually categorized into epithelial malignant tumors (such as squamous cell carcinoma, adenocarcinoma, basal cell carcinoma and urothelial carcinoma) and mesenchymal malignant tumors (MMTs). The tumors in the adult group were generally classified into three categories on the basis of these classification principles. The degree of MDP uptake in the different pathological types of soft tissue tumors in the adult group is provided in [Table 5](#T0005){ref-type="table"}.Table 5The Degree of MDP Uptake in Adult Soft Tissue TumorsRankEMT (%)MMT (%)Total (%)Adenocarcinoma and Squamous Cell CarcinomaMalignant Fibrous Histiocytoma+3 (42.9) 4 (57.1)07 (100)++18 (81.8) 3 (13.6)1 (4.5)22 (100)+++2 (100) 002 (100)Total23 7131[^6]

### Differences in MDP Uptake in Extraosseous Soft Tissue Tumors Between Children and Adults {#S0003-S2002-S3003}

[Table 6](#T0006){ref-type="table"} showed the differences in MDP uptake in extraosseous soft tissue tumors between children and adults was statistically significant, the degree of MDP in pediatric group was higher than that in adult group (Z=2.760, P=0.006).Table 6Comparison of MDP Uptake in Pediatric and Adult Soft Tissue TumorsRankAdult Group (%)Pediatric Group (%)Total (%)+7 (53.8)6 (46.2)13 (100)++22 (66.7)11 (33.3)33 (100)+++2 (11.1)16 (88.9)18 (100)Total313364[^7]

The Correlation of MDP Uptake with Pathological Types and Tumor Differentiation {#S0003-S2003}
-------------------------------------------------------------------------------

### Correlation of MDP Uptake with the Pathological Types {#S0003-S2003-S3001}

There was a significant difference in the degree of MDP uptake in 64 patients with different pathological types of soft tissue tumors (H=27.368, P=0.000). The details were analyzed in [Table 7](#T0007){ref-type="table"}.Table 7The Degree of MDP Uptake in 64 Cases with Different Soft Tissue TumorsRankEMT (%)Mesenchymal Tumors (%)Blastoma (%)Germ Cell Tumor (%)Total (%)+7 (53.8)1 (7.7)5 (38.5)013 (100)++21 (63.6)3 (9.1)9 (27.3)033 (100)+++2 (11.1)2 (11.1)12 (66.7)2 (11.1)18 (100)Total30626264[^8]

### Correlation of MDP Uptake with Tumor Differentiation {#S0003-S2003-S3002}

Twenty-six patients in the adult group had specific pathological differentiation data available, which included 16 cases of moderately differentiated tumors (16/26, 61.5%; 6 cases of "+" and 10 cases of "++") and 10 cases of poorly differentiated tumors (10/26, 38.5%; 9 cases of "+" and one case of "+++"). In the pediatric group, there were 15 cases of neuroblastoma with specific pathological differentiation data available, which included 6 cases of differentiated neuroblastoma (6/15, 40%; one case of "+", 4 cases of "++" and one case of "+++") and 9 cases of poorly differentiated neuroblastoma (9/15, 60%; one case of "+", one case of "+" and 7 cases of "+++"). A total of 41 patients were divided into two groups: 22 cases of moderately differentiated or differentiated tumors (22/41, 53.7%) and 19 cases of poorly differentiated tumors (19/41, 46.3%). Then, the correlation of MDP uptake with tumor differentiation was analyzed in [Table 8](#T0008){ref-type="table"}.Table 8Difference in MDP Uptake in Soft Tissue Tumors with Different Differentiation LevelsRankModerately Differentiated/Differentiated Tumor (%)Poorly Differentiated Tumor (%)Total (%)+7 (87.5)1 (12.5)8 (100)++14 (58.3)10 (41.7)24 (100)+++1 (11.1)8 (88.9)9 (100)Total221941[^9]

Discussion {#S0004}
==========

The uptake of MDP in extraosseous soft tissue can usually be seen as a result of technical factors or artifacts, the physiological uptake in normal organs and neoplastic uptake.[@CIT0008] Cases of pediatric extraosseous soft tissue tumors that accumulated MDP were previously reported,[@CIT0003],[@CIT0004] but no further systematic analysis was made. The difference in the neoplastic uptake of MDP between pediatric and adult patients had not been investigated. Our research found that neuroblastoma was the most common extraosseous soft tissue tumor with MDP uptake (15/33, 45.5%), followed by Wilms' tumor (6/33, 18.2%) and hepatoblastoma (4/33, 12.1%). Otherwise, MDP uptake was mostly found in lung cancer (11/31, 35.5%) in adults, followed by liver metastases from the gastrointestinal tract and breast (9/31, 29.0%), which was basically consistent with previous reports.[@CIT0009] Our study also confirmed that the extraosseous soft tissue tumors that accumulated MDP were likely to be malignant. Altogether, neoplastic uptake was observed in 63 pediatric (32/33) and adult (31/31) malignant tumors, with the exception of one pediatric benign vascular tumor. However, because most patients that underwent bone scintigraphy had a history of cancer or suspected tumors, the population enrolled in this study was biased to a certain extent, which might have resulted in a higher proportion of malignant tumors.

Previous studies suggested that the mechanisms of the neoplastic uptake of MDP were mainly related to necrosis and/or calcification, a rich blood supply and the osteoid matrix in tumors,[@CIT0009] which was also supported by our study based on the findings of CT, MRI, ultrasound etc.: 28 (28/33, 84.8%) pediatric and 22 (22/31, 71.0%) adult tumors had varying degrees of necrosis and/or calcification in the lesions. Namely, when cells undergo necrosis, the mitochondria and endoplasmic reticulum in the cytoplasm swell to form vacuoles, which causes the accumulation of amorphous calcium densities in the mitochondrial matrix. If necrotic cells and cell debris are not cleared in time, they will absorb calcium salts and other minerals, resulting in dystrophic calcification. The other possible mechanism of MDP accumulation is that there is increased blood flow to the neoplasm or abnormal calcium metabolism, which was affected by paraneoplastic syndrome;[@CIT0010] this could explain the 11 (11/64,17%) neoplasms that exhibited the uptake of a bone tracer in our study.

In addition, our results suggested that the degree of MDP uptake in pediatric extraosseous soft tissue tumors was higher than that in adult tumors, which was correlated with the higher incidence and the density of calcifications and the extent of necrosis in pediatric tumors. Most pediatric malignant soft tissue tumors originate from highly malignant immature cells that grow fast, have a large volume, and tend to form a large amount of ischemic necrosis and dystrophic calcification. Therefore, the increased MDP uptake in pediatric malignant soft tumors corresponded well to the high degree of malignancy, the higher density of calcification and the large necrotic area.

The characteristics of calcifications in pediatric tumors are different from those in adult tumors. Calcifications in pediatric tumors mostly manifest as plaque, eggshell-like, flaky or cloudy calcifications. MDP uptake was found in 9 adult hepatic metastases because of tumor calcification and/or necrosis and in 7 adult metastatic adenocarcinomas from the gastrointestinal tract and breast. These kinds of adenocarcinomas, which have a mucinous component, possess a glycoprotein that is biochemically similar to ossifying cartilage that binds calcium salts, which accumulate MDP.[@CIT0009],[@CIT0011]-[@CIT0013] Lymph node metastases or hepatic metastases of these types of tumors easily bind calcium salts, which manifest as tiny, grit-like calcifications on CT, showing a lower degree of MDP uptake. The highest MDP uptake was found in an adult with thyroid follicular adenocarcinoma, which showed numerous irregular calcifications and high calcium density on CT images.

Our results from 41 patients with an available, specific tumor differentiation diagnosis showed that the MDP uptake of low- or poorly differentiated soft tissue tumors was higher than that of moderately or well-differentiated tumors, which suggested that the degree of neoplastic MDP uptake might be associated with tumor differentiation. This observation could also be explained by the characteristics of the tumors. Poorly differentiated tumors tend to have large areas of necrosis and subsequently develop high-density calcifications, as shown by our study. In contrast, the differentiated neuroblastomas had less necrosis and spotty, cloudy, and small amounts of calcifications or low-density calcification on the CT images. Similarly, breast cancer and thyroid cancer with tiny, grit-like calcifications were associated with poor differentiation and high malignancy, as previously reported.[@CIT0014],[@CIT0015]

Until now, there have been few reports about the relationship between MDP uptake in extraosseous soft tissue tumors and their histopathological types. Overall, our results suggested that the degree of MDP uptake in epithelial malignant tumors and blastomas was higher than that in mesenchymal tumors and germ cell tumors, which may suggest that there is a correlation between the histopathological types and MDP uptake. However, no significant correlation was found in the degree of neoplastic MDP uptake and the histopathological types in children and adults. This lack of correlation may have been due to the similar characteristics of the malignant tumors, which grow fast and were large, and the limited number of included patients. A large sample size is needed to further verify these results. Most adult tumors that accumulated MDP were adenocarcinoma (23/31, 74.2%) and squamous cell carcinoma (7/31, 22.6%), which were derived from the cancers of the parotid gland, thyroid gland, lung, breast, digestive tract, liver, kidney and ovary. The involved organs or tissues also included the brain, chest wall, lymph node, adrenal gland and peritoneum, which was consistent with previous reports.[@CIT0009] However, in regard to MDP uptake, more adenocarcinoma than squamous cell carcinoma displayed MDP uptake in our patient sample (74.2% VS 22.6%), and the degree of MDP uptake in adenocarcinoma, which is characterized by a rich blood supply and a mucinous component that is able to accumulate calcium salts, was higher than that in squamous cell carcinoma in adults that had no obvious calcifications but had necrosis.

Conclusion {#S0005}
==========

The significantly increased MDP uptake of extraosseous soft tissue tumors is associated with poor differentiation in both children and adult tumors. Extraosseous soft tissue tumors with MDP uptake differ among pediatric and adult patients. In addition, consistent with the inherent tumor malignancy, MDP uptake is higher in children than in adults.
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[^2]: **Note:** \*DMU (degree of MDP uptake)

[^3]: **Notes:** Chi-Pearson tests, *X*^2^=1.802, P=0.179. There was no significant difference in necrosis and/or calcification or other features between pediatric and adult soft tissue tumors.

[^4]: **Note:** \*DMU (degree of MDP uptake)

[^5]: **Notes:** Independent sample Kruskal--Wallis test, H=1.993, P=0.369; no significant difference in the degree of MDP uptake among the three types of soft tissue tumors in the pediatric group.

[^6]: **Notes:** Independent sample Kruskal--Wallis test, H=5.811, P=0.055; the degree of MDP uptake among the three types of soft tissue tumors in the adult group showed no significant differences. However, there was a significant difference between adenocarcinoma and squamous cell carcinoma (Z=2.350, P=0.036); the former was higher than the latter.

[^7]: **Notes:** Mann--Whitney *U*-test of two independent samples, Z=2.760, P=0.006; the difference in the degree of MDP uptake between pediatric and adult was statistically significant.

[^8]: **Notes:** Independent sample Kruskal--Wallis test, H=27.368, P=0.000; there was a significant difference in the degree of MDP uptake in 64 patients with different pathological types of soft tissue tumors. Then, pairwise comparisons were performed, and the MDP uptake in epithelial malignant tumors and blastomas was higher than that in mesenchymal tumors and germ cell tumors, but there were no statistically significant differences between epithelial malignant tumors and blastomas or between mesenchymal tumors and germ cell tumors.

[^9]: **Notes:** Mann--Whitney *U*-test of two independent samples, Z=3.149, P=0.002; there was a significant difference in MDP uptake in soft tissue tumors with different tumor differentiation levels. The MDP uptake of poorly differentiated tumors was higher than that of moderately differentiated/differentiated tumors.
